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 The New Keynesian Model and the long-run vertical
Phillips Curve: Does it hold for Germany?∗
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November 2005
Abstract
New-Keynesian macroeconomic models typically assume that any long-run trade-oﬀ be-
tween inﬂation and unemployment is ruled out. While this appears to be a reasonable
characterization of the US economy, it is less clear that the natural rate hypothesis neces-
sarily holds in a European country like Germany where hysteretic eﬀects may invalidate it.
Inspired by the framework developed by Farmer (2000) and Beyer and Farmer (2002), we
investigate the long-run relationships between the interest rate, unemployment and inﬂa-
tion in West Germany from the early 1960s up to 2004 using a multivariate co-integration
analysis technique. The results point to a structural break in the late 1970s. In the
later time period we ﬁnd for West German data a strong negative correlation between the
trend components of inﬂation and unemployment. We show that this ﬁnding contradicts
the natural rate hypothesis, introduce a version of the New Keynesian model which allows
for some hysteresis and compare the eﬀectiveness of monetary policy in these two models.
In general, a policy rule with an aggressive response to a rise in unemployment performs
better in a model with hysteretic characteristics than in a model without.
Keywords: Cointegration, Vector Error Correction Model, Unemployment, Phillips Curve,
Hysteresis
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1 Introduction
The New Keynesian model has gained widespread acceptance in recent years.
Most likely this reﬂects the fact that this model incorporates elements from
a number of mainstream macroeconomic modeling approaches, including a
Keynesian transmission mechanism, the use of rational expectations pop-
ularized by New Classical models, an intertemporal optimizing framework
common in RBC models, and a vertical long-run Phillips curve consistent
with the natural rate hypothesis championed by monetarists. However, in
spite of its strong theoretical foundations, the empirical evaluation is still in
its early stages.
An important contribution in this area is a paper by Beyer and Farmer
(2002) in which they present a framework for testing empirically the long-run
implications of the New Keynesian model using multivariate cointegration
analysis.1 In particular, the authors test whether the natural rate hypothesis,
which is a central tenet of New Keynesian models and, for that matter,
of most other modern macroeconomic models, is consistent with the data.
For the United States they ﬁnd that the natural rate hypothesis is actually
rejected by the data, which leads them to propose an alternative aggregate
supply function that allows for a non-vertical long-run Phillips curve.
In this paper, we apply Beyer and Farmer’s (2002) framework to German
data. Testing the natural rate hypothesis for Germany has not only impor-
tant implications for macroeconomic modeling, but also for the understand-
ing of the causes of Germany’s persistently high unemployment rate. The
natural rate hypothesis implies that attempts at managing aggregate demand
conditions, in particular monetary policy actions, have at best short-run ef-
fects on the unemployment rate, and no long-run eﬀects. Thus, the trend
increase in the German unemployment rate must reﬂect structural factors
like increasing labor market rigidities and cannot be attributed to adverse
demand conditions, resulting, for example, from a tight monetary policy
stance. However, if the natural rate hypothesis does not hold, this raises the
prospect that demand conditions could have been a contributing factor to
Germany’s unemployment problem.
Since we revisit the natural rate hypothesis within a New Keynesian the-
oretical framework, we provide in chapter 2 a brief outline of the standard
New Keynesian model. In chapter 3, we take a ﬁrst look at German data
1Their work builds on Farmer (2000).
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and present preliminary evidence that the natural rate hypothesis may not
be consistent with Germany’s experience in the past twenty years. Next,
we outline the empirical framework proposed by Beyer and Farmer (2002)
and present in chapter 5 the results of the cointegration analysis. Standard
misspeciﬁcation tests point towards a structural break in the macroeconomic
relations occurring in 1979, and after splitting the sample period we ﬁnd
that the period after 1979 is characterized by a negative long-run correlation
between unemployment and inﬂation. Such a long-run relation contradicts
the natural rate hypothesis, and points to the possibility that disinﬂationary
policies by the Bundesbank in the 1980s could have contributed to the trend
increase in the German unemployment rate in this period. Even though a
non-vertical long-run Phillips curve is inconsistent with the New Keynesian
model, in chapter 6 we show that it is nevertheless consistent with a num-
ber of recent approaches in modern macroeconomics. In the ﬁnal chapter 7,
we modify the New Keynesian model to allow for some long-run eﬀects of
monetary policy on unemployment and investigate the implications for the
eﬀectiveness of monetary policy. We ﬁnd that this modiﬁcation changes the
policy implications of the New Keynesian model substantially. While this is
only an explorative investigation, it does suggest that the standard New Key-
nesian model needs some extensions to ﬁt the long-run properties of German
data better. From a policy perspective, this raises the prospect that mone-
tary policy could make a contribution towards lowering the unemployment
rate without creating inﬂationary pressures, even though the scope for this
is likely to be limited.
2 The New Keynesian model
The New Keynesian model is derived from intertemporal optimization of
rational households. The following model shows the resulting log-linearized
ﬁrst order conditions. According to McCallum (2001), this model represents
a substantial agreement in the literature on the general, broad structure of
modern macroeconomic models.2
yt = b0 + b1 (Rt − Et∆pt+1) + Etyt+1 + v
1
t (2.1)
2See McCallum (2001), p.258. A similar type of model is used, for example, by
Clarida et al. (1999) to investigate optimal monetary policy. For an extensive review
of this model, see also King (2000).
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∆pt = βEt∆pt+1 + α(yt − ¯ yt) + v
2
t (2.2)
Rt = (1 − µ3)[r + ∆pt + µ1 (∆pt − ¯ π) + µ2 (yt − ¯ yt)] + µ3Rt−1 + v
3
t (2.3)
The variables yt and pt denote the logs of output and the price level,
¯ yt is the natural-rate value of output, Rt is a one-period interest rate, r is
the equilibrium real interest rate and ¯ π is the inﬂation target. Etxt+1 is the
expectation of xt+1 conditional on information available in t. Equation (2.1)
represents a forward-looking IS curve, specifying that output is a function
of the real interest rate (b1 < 0), expected future output and an exogenous
shock, v1
t, which stands for shocks to tastes or ﬁscal policy.3 Equation (2.2) is
a Phillips curve type relationship, stating that price adjustment is a function
of expected future prices (0 ≤ β ≤ 1) and demand conditions (α > 0),
with v2
t representing a price shock.4 Finally, equation (2.3) represents a
standard-Taylor type reaction function, giving the nominal interest rate as a
function of the equilibrium real interest rate, inﬂation and demand conditions
(µ1, µ2 ≥ 0), µ3 models the degree of interest rate smoothing, and v3
t is the
monetary policy shock that captures discretionary monetary policy actions.
Since this paper investigates the relationship between the interest rate,
inﬂation and unemployment (ut), output is assumed to be inversely related






1 (Rt − Et∆pt+1) + Etut+1 + v
1
t (2.4)
∆pt = βEt∆pt+1 + α
u (ut − ¯ ut) + v
2
t (2.5)
Rt = (1 − µ3)[r + ∆pt + µ
u
1 (∆pt − ¯ π) + µ
u
2 (ut − ¯ ut)] + µ3Rt−1 + v
3
t (2.6)
The variable ¯ ut represents the natural rate of unemployment.
It is a salient feature of New Keynesian models that the natural rate
hypothesis holds, meaning that in the long-run there is no trade-oﬀ between
3See McCallum and Nelson (1999) for the derivation of this relation from an optimizing
framework.
4See Roberts (1995) for an overview of Phillips curves used in New Keynesian models.
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inﬂation and unemployment. To illustrate this, it is useful to note that in the
model (2.1) to (2.3) the relationship between the deviation of unemployment
from the natural rate and the steady-state rate of inﬂation is given by u −
¯ u =
1−β
αu ∆p. King (2000) writes that experiments with fully articulated
models which lead to price adjustment equations like (2.2) and (2.5) suggest
a negligible long-run trade-oﬀ at moderate inﬂation rates.5 Accordingly, he
notes, prominent studies of the monetary policy implications of the New IS-
LM model - including that of Clarida et al. (1999) - impose the condition
β = 1 on the price adjustment equation. Another example is McCallum
(2001) who uses for the calibration of the model (2.1) to (2.3) the values
β = 0.99 and α = 0.03. For a steady state inﬂation rate of 1.5 percent this
yields a long-run eﬀect of increasing the steady state inﬂation rate by one
percentage point of 0.125 percent on output.6 Thus, for all practical purposed
the Phillips curve is vertical in the long-run in New Keynesian models.
3 A preliminary look at the data
The New Keynesian model implies that even though there is a negative rela-
tionship between inﬂation and unemployment at the business cycle frequency,
there should be no such relationship in the long-run. In Figure 1, we plot the
relation between ﬁve-year averages of both variables for West Germany. The
ﬁve-year period has been chosen since it corresponds approximately to the
typical length of business cycles. One would expect that over the course of a
business cycle, those periods where the unemployment rate is above the nat-
ural rate are balanced by periods where the unemployment rate is below the
natural rate. Since the natural rate hypothesis implies that a given natural
rate is compatible with any rate of inﬂation, there should be no discernible
relationship between the two variables. This is, after all, the essence of the
natural rate hypothesis.
Figure 1 shows that over the entire sample period from 1965 until 2004
there is indeed not much of a relationship – the ¯ R2 of the estimated regression
line is zero. However, a closer look reveals that over the period from 1980 until
2004 there is a strong negative relationship between the two variables (the ¯ R2
is 0.75 and the coeﬃcients turn out to be statistically signiﬁcant even with
5King (2000), p.51.
6Notice that McCallum, 2001 uses non-annualized interest and inﬂation rates in his
model.
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a very low number of observations), as suggested by the traditional Phillips
curve. The long-run Phillips curve in this period appears to be fairly steep,
but not vertical. It also appears to be relatively stable. This is in line with
the ﬁndings of Schreiber and Wolters (2005), Karanassou et al. (2003), and
Franz (2005).
In the remainder of this section, we use the technique of multivariate coin-
tegration analysis to investigate more formally whether there is a signiﬁcant
relationship between the trend components of inﬂation and unemployment.
More importantly, this approach allows us also to investigate whether such
a relationship can be reconciled with the New Keynesian model.
4 A framework for cointegration analysis
In this section, we outline the framework developed by Farmer (2000) and
Beyer and Farmer (2002) in order to test the natural rate hypothesis be-
fore we apply it in the next section to West German data. These authors
argue that if the unemployment rate, interest rate and inﬂation rate are non-
stationary but cointegrated, a vector error correction model (VECM) can be
used to study empirically the relationship between them:
∆xt = A(L)∆xt−1 + Πxt−k + zt + ¯ z. (4.1)
Here, Xt is a vector containing the variables Rt, ∆pt and ut.7 A(L) is a
polynomial in the lag operator and models the short-run dynamics between
the variables.8 The matrix Π is of special interest. It can be factorized so
that Π = αβ′; if the variables are cointegrated, Π has reduced rank r, with r
representing the number of cointegration vectors. The term β′xt−k contains
the cointegration relationships, while the matrix α determines to what extent
each variable adjusts to a given disequilibrium in the long-run relations.
Finally, the vector zt contains stationary disturbance terms, z ∼ I (1), and ¯ z
collects the constants in the system.
To render the New Keynesian model suitable for cointegration analysis,
Beyer and Farmer (2002) show that the model can be written as follows:
7As before, with the exception of the interest rate all variables in xt are expressed in
logarithm.
8The lag polynomial is deﬁned as A(L) = A0xt + A1xt−1 + A2xt−2 ....
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A2Et [xt+1] + A0xt + A1 (L)xt−1 − ¯ v = vt,









where A2 is a matrix that describes the inﬂuence of future expectations,
A0 describes the contemporaneous links and A1 (L) is a polynomial in the lag
operator. The vector ¯ v contains the constants of the model, and vt collects
the structural disturbances, which are assumed uncorrelated.9 In a more
compact form, this model can be written as,
A(L)Et [xt+1] − ¯ v = vt. (4.3)
However, Beyer and Farmer (2002) argue that if all the disturbances were
stationary, the model could not account for the non-stationarity of the vari-
ables reported below. To illustrate this, it is useful to consider the moving
average presentation of (4.3),
xt+1 = A(L)
−1 (vt + ¯ v), (4.4)
where we assume for simplicity perfect foresight of agents. The matrix
A in New Keynesian models is always chosen such that the resulting model
is stable, in order to rule out explosive processes and to make sure that
the rational expectations equilibrium is uniquely determined. This choice
of A implies that if all disturbances are stationary, the variables in xt are
stationary, too.10 Hence, New Keynesian models are stationary structural
models. In fact, in steady state, when xt = xt+1 = xt−1 = x and vt = 0,
the model converges to x = A(1)
−1 ¯ v. This solution pins down the long-run
mean of the variables in the model and rules out any stochastic trends.
To introduce a source of non-stationarity into the New Keynesian model,
Beyer and Farmer (2002) assume that one of the disturbances in vector vt
in the New Keynesian model is a random walk. In this case, the structural
9Hence, the covariance matrix Σ is diagonal.
10The stationarity of the variables in xt does not mean that New Keynesian models
necessarily abstract from the trend growth rate of the economy. In fact, New Keynesian
models can accommodate a trend growth in the level of these variables, but to be able
to solve the model, the variables are transformed in such a way as to obtain a stationary
model.
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model given by equation (4.2) can be rewritten as a VECM. By diﬀerencing
the equation with the non-stationary disturbance and rewriting the other
two equations in diﬀerences and levels, one arrives at the following VECM
representation of the New Keynesian model:
˜ A2Et∆xt+1 + ˜ A0∆xt + ˜ A1 (L)∆xt−1 + ˜ α˜ β
′xt−k − ¯ w = wt. (4.5)
By appropriate ordering of the equations one can always choose the non-
stationary disturbance to be in the third equation. In model (4.5), the vector
of errors wt is stationary with variance-covariance matrix ˜ Σ. The disturbance






















This formulation of the New Keynesian model implies that the random
walk process v3
t leads to a non-stationary behavior of xt. This raises the pos-
sibility that some or all of the variables in xt are cointegrated. In the VECM
formulation of the model, these cointegration relationships are captured by
the term ˜ α˜ β′xt−k, where ˜ α represents the structural loading matrix and ˜ β′
the matrix of structural cointegrating vectors.
As a ﬁnal step, we need to supplement model (4.5) with a description
of the process how expectations are formed. To this end, Beyer and Farmer
(2002) assume that expectations are rational in a very weak sense by requiring
only that there should be no systematic long-run biases in the mechanism
generating expectations.11
4.1 The aggregate demand equation in the VECM
In the VECM form of the New Keynesian model, the aggregate demand












The fact that diﬀerences of unemployment instead of the level enter this
equation follows from the fact that in the forward-looking IS curve the co-
eﬃcients on future and current unemployment are the same.12 By including
11See Beyer and Farmer (2002), p.21.
12Both coeﬃcients are equal to one. See equation (2.1).
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lags of the diﬀerenced unemployment variable, this model is more general
than the purely forward-looking IS curve in equation (2.4). The speciﬁcation
in equation (4.7) would arise, for example, if habit formation is present in
the utility function of agents.13 Hence, equation (4.7) is consistent with the
New IS curve that we used in the simulation of the extended New Keynesian
model.
For the cointegration analysis presented below, it is important to notice
that if the disturbance term in equation (4.7) is stationary, the aggregate
demand relation would give rise to a cointegration vector linking the interest
rate to the inﬂation rate with coeﬃcients (1; -1). This relation is also called
the Fisher relation.
Beyer and Farmer (2002) observe that the Fisher relation is a strong as-
sumption to impose on the data, since there are a variety of alternative
models that impose a weaker long-run restriction. To allow for this class of


















where both the level and the diﬀerences of unemployment appear in the
equation. This relation implies a cointegration vector of the form R − ∆p −
˜ βD
u u − ¯ r = 0. Such a relation is consistent with the traditional IS curve,
which postulates that there is an upward sloping relationship between the
unemployment rate and the real interest rate. Moreover, Beyer and Farmer
(2002) note that it is possible to derive a similar long-run relationship in
overlapping generations models or in representative agent models with tax
distortions that allow the real interest to vary with policy. In these models,
the Fisher relation is a special case of the IS curve where the IS curve is
horizontal.
4.2 The aggregate supply equation













13See McCallum and Nelson (1999).
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This is the VECM representation of a generalized version of the New
Keynesian Phillips curve given by (2.5):14
∆pt = λ1 (L)∆pt−1+Et [(1 − λ1 (L))∆pt+1]− ˜ α




By including lags of the inﬂation rate, equation (4.10) has a richer spec-
iﬁcation than equation (2.5) because it adds backward looking elements to
the price adjustment process. In fact, this speciﬁcation is very similar to the
widely used Fuhrer and Moore (1995) speciﬁcation of the New Keynesian
Phillips curve.
The speciﬁcation given by equation (4.10) is consistent with the natural
rate hypothesis since all coeﬃcients on the lags of inﬂation sum to zero. That
is, we impose β = 1 on the New Keynesian model. As we have seen previously,
this rules out any long-run relationship between the inﬂation rate and the
unemployment rate. Technically, the natural rate hypothesis is imposed on
the VECM form of the model by allowing only diﬀerences of the inﬂation
rate to enter the Phillips curve. With this speciﬁcation, in steady state a
given unemployment rate (ut = ¯ ut) is consistent with any constant inﬂation
rate.
The natural rate of unemployment is, of course, an unobservable variable.
For the empirical analysis, Beyer and Farmer (2002) start out by approximat-
ing this variable with a constant, ¯ u. If this approximation were approximately
correct, we would expect the unemployment rate ut to be stationary around
a constant, provided the disturbance term wS
t is stationary. In this case,
the unemployment rate would form one of the cointegration vectors in the













where ¯ u is part of the constants collected in ¯ vS.
However, the pronounced upward drift in the unemployment strongly
suggests that the hypothesis of a stationary unemployment rate is unlikely
to hold. In fact, this drift is consistent with the widely held belief that the
natural rate of unemployment has been drifting over time due to structural
changes in the labor market. Hence, it appears to be more appropriate to
model the natural rate as a unit root process. To introduce this hypothesis
14See Farmer (2000), p. 9.
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into our empirical model, Beyer and Farmer (2002) assume in a second step
that alternatively the natural rate follows the process,
˜ α
S (¯ ut − ¯ ut−1) = w
S
t + ¯ w
S, (4.12)
where wS
t is an I(0) variable, ¯ wS is a drift parameter and ˜ αS is the struc-
tural loading factor in the supply equation. That is, the natural rate of
unemployment is modeled here as a random walk with drift. Assuming fur-
thermore that there is no other shock hitting the aggregate supply equation
so that vS
t is identically zero and abstracting from the constants in ¯ vS , we









Sut = ˜ α
S¯ ut (4.13)
The left hand side of (4.13), which would constitute the observable part
of our empirical model of aggregate supply, is clearly imbalanced because of
the relegation of the unobservable and non-stationary natural rate of unem-
ployment to the error term. Put another way, since the assumption of a non-
stationary natural rate of unemployment implies that ˜ αSut is non-stationary
too, we would not expect to ﬁnd a cointegration relationship associated with
the aggregate supply relation (4.13), since the only level variable that is in-
cluded on the left hand side turns out to be non-stationary. Hence, our vector
error correction model would have a reduced rank.
With a non-stationary natural rate of unemployment, the only way to
arrive at an aggregate supply function with a stationary error term is taking











t + ¯ w
S. (4.14)
In the empirical application, we account for the non-stationary error term
by imposing a reduced rank restriction on our empirical VECM model; this
has the eﬀect of eliminating the level of unemployment from the aggregate
supply equation, from which follows that we model this relation entirely in
diﬀerences, consistent with (4.14). Finally, with a view towards the empirical
results presented below, it needs to be emphasized that neither (4.11) nor
(4.13) imply a cointegration relationship between the unemployment rate and
inﬂation.
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4.3 The policy rule










Rt − ˜ β
P
∆p∆pt + ˜ β
P




t = ¯ v
P. (4.15)
In a more conventional form, this equation is equivalent to:15




∆P∆pt − ˜ β
P




t + ¯ v
P. (4.16)
Here, δ (L) is a polynomial that models the interest rate smoothing be-
havior of the central bank. The parameter ˜ βP
∆P gives the long-run response
of the central bank to the inﬂation rate, equivalent to (1 + µu
1) in (2.6), while
˜ βP
u gives the response to the unemployment gap, which is equivalent to µu
2.
The vector collecting the constants, ¯ vP, includes also the inﬂation target, ¯ π.
Since the natural rate of unemployment is unobservable, we face a similar
problem as in the preceding section. If approximating the natural rate with a
constant proves to be adequate, the policy rule will give rise to a cointegration
vector of the form R−˜ βP
∆p+˜ βP
u ∆p−γ = 0, where γ is a constant encompassing
both the steady state natural rate of interest, ¯ r, and the constant natural
rate of unemployment, ¯ u.
On the other hand, if the natural rate of unemployment is better described










Rt − ˜ β
P
∆p∆pt + ˜ β
P











Similar to the aggregate supply equation (4.13), the observable part of
the policy rule will again be imbalanced, and we will ﬁnd no cointegration
relationship because the error term on the right hand side, ˜ αP ˜ βP
u ¯ ut + vP
t , is
clearly non-stationary. Hence, in this case our New Keynesian model would
yield only one cointegration vector, namely the Fisher relation resulting from
the aggregate demand relationship.
However, precisely because of the unobservability of the natural rate of
unemployment, it is also conceivable that the central bank would not respond
15See Farmer (2000), p. 9.
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to the unemployment gap, ut − ¯ ut, but only to the actual unemployment
rate, ut. If this is the case, we would ﬁnd a cointegration vector of the form
R − ˜ βP
∆p + ˜ βP
u ∆p − γ = 0 even though the natural rate of unemployment is
non-stationary.
Interestingly, the latter scenario raises the possibility that the stochastic
trend in the natural rate of unemployment is transmitted to the inﬂation
rate. In fact, this transmission channel is emphasized by Orphanides (2000)
in his explanation of the increase in the trend inﬂation rate during the 1970s.
He argues that in the 1970s many economists did not realize that the natural
rate of unemployment had increased, and substantiates this by looking at
real time estimates of potential output. He ﬁnds that these estimates were
much more optimistic than were subsequent revisions of the same series.
Hence, it is likely that the Federal Reserve Bank concluded from the increase
in the actual unemployment rate that the economy suﬀered from a severe
shortfall in demand, even though the increase in unemployment stemmed
from the increase in the natural rate of unemployment. The attempt of
the central bank to stimulate the economy led consequently to signiﬁcant
inﬂationary pressures. In sum, by having monetary policy respond to ut
instead of the correctly speciﬁed unemployment gap, ut−¯ ut, this explanation
accounts simultaneously for the trend increase in the unemployment rate and
the inﬂation rate by linking both to the stochastic drift in the natural rate.
However, it is hard to believe that over the long-run, the central bank would
fail to recognize that the natural rate of unemployment had increased, which
means this explanation might be valid for the 1970s, but probably not for
the 1980s or 1990s.
Finally, we need to consider the possibility that the inﬂation target of the
central bank, ¯ πt, follows a stochastic trend. Like the natural rate of unem-
ployment, this variable is unobservable and would consequently be included
in the error term. Substituting ¯ πt for ¯ π in equation (2.6), and assuming for
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∆p∆pt + ˜ β
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Like before, a stochastic trend in the inﬂation target would lead to an
imbalance in the observable part of the policy rule, thereby leading to a
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reduced rank of our vector error correction model.
To summarize, if all disturbances in the New Keynesian model were sta-
tionary, ruling out a non-stationary natural rate of unemployment and a
stochastic inﬂation target, and given the stability of the dynamics in this
model, the variables in the model will converge to means satisfying
R − ∆p = 0, or, R − ∆p − ˜ β
D
u u − ¯ r = 0, (4.19)
u − ¯ u = 0, (4.20)
R − ˜ β
P
∆p∆p + ˜ β
P
u u − γ = 0 (4.21)
However, if one of the disturbances is non-stationary, the system will
have a vector error correction presentation with at most two cointegration
relationships, which would correspond either to (4.19), (4.20) and/or (4.21).
The preliminary evidence suggests that the disturbance term in the aggre-
gate supply equation is non-stationary, reﬂecting a unit root process in the
natural rate of unemployment. In this case, we would expect to ﬁnd only
one cointegration relationship, which would correspond to relation (4.19).
However, if the central bank responds to the actual unemployment rate be-
cause it cannot observe the non-stationary natural rate, we might ﬁnd in the
data an additional cointegration relationship corresponding to (4.21). On the
other hand, a stochastic trend in the inﬂation target may lead to instability
in (4.21), and, consequently, to only one cointegration relationship. In sec-
tion 5 we will perform a multivariate cointegration analysis for West German
data, test the rank of the system, and determine whether the resulting coin-
tegration vectors are consistent with those derived from the New Keynesian
model.
5 Multivariate cointegration analysis
In a ﬁrst step (section 5.1), we estimate a vector autoregression (VAR) model
for the period from 1965 until 2004 and use Chow sample-split tests to test
for a structural break in the model.16 The preliminary evidence on the long-
run Phillips curve suggests that such a break has occurred in the late 1970s
16See Doornik and Hendry (2001) and L¨ utkepohl (2004).
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or early 1980s. Since a stable long-run Phillips curve appears to be present
only in the latter sample period, ﬁnding formal evidence for a structural break
around this time is crucial for the argument that the natural rate hypothesis
may not hold for Germany in the past twenty years. In a second step, we are
using univariate unit root tests to determine whether the unemployment rate,
the interest rate and inﬂation in West Germany are non-stationary (section
5.2).17 In a third step, we present the results of the cointegration analysis
for Germany (sections 5.3 and 5.4).
5.1 Testing for a structural break
To test for structural breaks, we estimate a VAR model for quarterly data for
the full sample period, from 1965:2 until 2004:4. It consists of the 3-month
interest rate, the West German unemployment rate and the inﬂation rate,
computed on the basis of the West German consumer price index.18 On the
basis of the Bayesian information criterion we choose a lag length of two.19
For the full sample period, this model shows some sign of misspeciﬁcation,
in particular in the interest rate equation (Table 1)
We test for structural breaks using CUSUM statistics and Chow tests.
Both the CUSUM and CUSUM square statistics in ﬁgures 2 and 3 indicate
that there are signs of structural instability in the interest rate equation
around 1980. On a system level, this is conﬁrmed by the Chow test: Figure
4 in the appendix shows clearly that the break statistic is signiﬁcant in the
early and late seventies.20 Since the early 1980s however, the relationship
seems to be stable. This is consistent with the impression from Figure 8
17Since a structural break in the time series may lead unit root tests to conclude that
the time series are non-stationary, we compute ﬁrst the structural break tests using a
VAR model that is robust with respect to the stationary properties of the time series. For
testing the lag length, we consider Bayesian information criterion.
18All time series were originally obtained from Datastream. The corresponding Datas-
tream codes are BD3MTH..R, WGTOTUN%E and WGCP.E. For the period from 1999
onwards, the EURIBOR (instead of the FIBOR) was used as a measure of the 3-months
interest rate.
19The empirical analysis has been conducted using EViews 4.1 and JMulTi 4.02, for
the latter programme see L¨ utkepohl (2004) for details.
20Figure 4 in the appendix shows the bootstrapped p-values for a sample-split Chow
test. The dashed resp. dotted line indicates the p-values of 5% and 10%. See Andrews
(1994) and Andrews and Ploberger (1994) for the test. The critical values were obtained
from the bootstrapping procedure described in Candelon and L¨ utkepohl (2001).
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that the relationship between the three variables changed around 1980. To
investigate this further, we split the sample in 1979:4 and recompute the
CUSUM, CUSUM square and sample-split Chow test statistics for the pe-
riod until 2004, which now show few signs of instability (Figures 5, 6, and
7). Residual tests also indicate a somewhat better speciﬁcation of the two
sub-periods (Table 1). In particular, the models for the two sub-periods
show no signs of heteroscedasticity, in contrast to the model for the full pe-
riod, and the rejection of non-normality in the interest rate equation is also
less pronounced. In sum, splitting the sample in 1979:4 leads to stable and
reasonably well-speciﬁed models for the sub-periods.
Before turning to the results for the cointegration analysis, it is note-
worthy that the choice of a breakpoint in the fourth quarter of 1979 is also
consistent with the observation of Clarida et al. (1998) that policy rules in
the G3 countries changed after 1979. These authors note that after nearly
a decade of high inﬂation, a number of important central banks, including
the Bundesbank, began in 1979 a concerted eﬀort to reign in inﬂation.21 As
a result, after 1979 they raised interest rates suﬃciently to increase the real
interest rate in response to the inﬂationary pressure emanating from the sec-
ond oil price shock, while before 1979 they allowed the real interest rate to
decline following an increase in inﬂation. This change in policy is also visi-
ble in Figure 9, which shows the annualized real short-term interest rate in
Germany. Consistent with a shift towards a more aggressive policy in ﬁght-
ing inﬂation, the real short-term interest increased markedly after 1979 and
remained high throughout the 1980s. Finally, a break in the policy function
of the Bundesbank is also consistent with the results from the CUSUM tests
(Figures 2 and 3), which shows that the interest rate equation in the VAR is
instable.
Assuming a break in 1979, Table 1 shows that the resulting VAR models
for the sub-sample periods are probably slightly better speciﬁed than the
model estimated for the entire period even if the sub-sample models still
display signs of misspeciﬁcation. However – as several tests indicate – the
model is stable within the sub-sample periods.22 Below, we will show that
we ﬁnd stable cointegration vectors in both sub-sample periods. This allows
us to employ multivariate cointegration analysis to investigate whether the
natural rate hypothesis holds.
21See Clarida et al. (1998), p. 1034.
22Detailed results are available from the authors on request.
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5.2 Univariate unit root tests
In this section, we employ conventional ADF tests to test the null hypothesis
that the time series have a unit root. We compute the tests for the two sub-
sample periods, since the structural break in the full sample period could be
mistaken by the unit root tests as signs of non-stationarity. The lag length
is chosen based on the Bayesian information criterion, and the results are
shown in Table 2. The ADF tests indicate that all variables are integrated
of order one, with the possible exception of the inﬂation rate in the early
sample period.
5.3 Results for the period 1965-1979
In a ﬁrst step, we test the cointegration rank of the model using the maxi-
mum likelihood procedure suggested by Johansen (1988). Table 3 reports the
values of the λ-trace statistic testing the null hypothesis of no cointegration
relationship, at most one and at most two cointegration relationships.
At the ten percent signiﬁcance level – and indeed close to the ﬁve per cent
level –, there is evidence for one cointegration relationship. The existence
of one cointegration vector implies that two of the long-run relationships
resulting from the New Keynesian model have non-stationary disturbances.
The estimated cointegration vector resulting from the empirical model
has the following form:23
R − 0.56∆p + 0.23u = 0. (5.1)
This cointegration vector is consistent with the policy rule 4.21. This sug-
gests that both the aggregate demand and the aggregate supply equations
have non-stationary disturbances. The non-stationarity of the aggregate sup-
ply equation in particular does not come as a surprise, since already Figure 1
showed that there is no long-run correlation between the unemployment rate
and inﬂation for the ﬁrst sub-sample. Moreover, Figure 8 in the appendix
shows that the unemployment rate increased over time in the ﬁrst sample
period, which points to a stochastic trend in the natural rate of unemploy-
ment. Above, we argued that in the case where the natural rate hypothesis
holds, but the natural rate is non-stationary, we would not expect to ﬁnd
a cointegration relationship associated with the aggregate supply relation.
23We used the ’simple 2-stage’ (S2S) procedure as described in L¨ utkepohl (2004).
16Discussion Paper 521
5 Multivariate cointegration analysis J. Gottschalk and U. Fritsche
Consequently, our ﬁnding of a reduced rank of our empirical model supports
the natural rate hypothesis. Regarding the non-stationarity of the aggregate
demand relation, this may be related to the fact that the demise of the Bret-
ton Woods system led to a large real appreciation of the German currency
foreign demand, which caused foreign demand for German goods to decline
considerably. This regime shift may have induced a non-stationary behavior
of aggregate demand.
The interpretation of 5.1 as a policy rule is supported by the fact that the
estimated coeﬃcients have the expected signs and are of plausible magnitude:
according to 5.1 the Bundesbank responded to an increase in the unemploy-
ment rate by lowering the short-term interest, thereby seeking to stabilize the
economy. In response to an increase in inﬂation, the Bundesbank increased
the interest rate, which is consistent with an attempt to contain the inﬂa-
tionary pressures, but the estimated coeﬃcient is smaller than one. Thus,
the Bundesbank allowed the real short-term interest to decline when inﬂa-
tion increased. This result conﬁrms Clarida et al. (1998) observation that G3
central banks before 1979 did not respond strongly to inﬂationary pressures.
Moreover, Clarida et al. (1999) have shown that with ˜ βP
∆p the rational ex-
pectations equilibrium is not uniquely determined. Hence, monetary policy
is unable to ensure that inﬂation converges in the long-run to its inﬂation
target, and the inﬂation rate may permanently increase. The resulting trend
increase in inﬂation set the stage for a more aggressive response of central
banks in the late 1970s to the second oil price shock, thereby trying to avoid
past mistakes and reverse inﬂationary pressures.
The results from the cointegration analysis suggest also that explanation
in Orphanides (2000) of the simultaneous increase in the unemployment rate
and the inﬂation rate due to a misjudgment of the central bank of the supply
potential may be relevant not only for the United States but also for Ger-
many. After all, our ﬁndings that the natural rate of unemployment followed
a unit root process and that the Bundesbank responded to the actual un-
employment rate instead of the unemployment gap are consistent with this
view.24 Moreover, taking into account that the natural rate of unemployment
was fairly stable throughout the 1960s, it is indeed conceivable that the Bun-
desbank did not realize that the natural rate increased permanently in the
24It may be useful to recall here that if the Bundesbank had responded to the unem-
ployment gap, the non-stationarity of the natural rate would have meant that no stable
cointegration vector corresponding to the policy rule would exist.
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1970s. If the Bundesbank mistakenly assumed that the natural rate remained
constant, it would have interpreted the increase in the unemployment rate
as indicating a large unemployment gap (ut − ¯ u > 0) and eased policy in
an ultimately unsuccessful attempt to restore full employment. This easing
would have slowed down the adjustment of the unemployment rate to the
natural rate, but at the cost of permanently increasing inﬂation. Hence, the
increase in the natural rate would have led to a simultaneous increase in the
trend rates of inﬂation and unemployment.
5.4 Results for the period 1979-2004
The results for the rank test for the second sub-sample period are displayed
in Table 4. We ﬁnd strong evidence for a rank of two giving rise to the
assumption of two cointegrating vectors in the system.
With two cointegration vectors, it is necessary to impose one identifying
restriction on each vector to obtain estimates of just identiﬁed cointegration
vectors. Following Beyer and Farmer (2002), we impose the two zero restric-
tions as shown in Table 5, where β1 and β2 are freely estimated parameters.
This yields the following two cointegrating vectors:
R − 1.96∆p = 0, (5.2)
u + 0.64∆p = 0. (5.3)
The existence of two cointegration vectors implies that one of the distur-
bances in the New Keynesian model is non-stationary. If either the aggregate
demand disturbance or the policy rule disturbance were non-stationary, one
of the stationary long-run relationships implied by the New Keynesian model
would be the long-run relationship resulting from the New Keynesian Phillips
curve, equation (4.20). According to this equation, the unemployment rate
would be a stationary. Since this is clearly rejected by the data, it follows
that it is the aggregate supply disturbance term, which is non-stationary.
The analysis so far suggests that the natural rate of unemployment fol-
lowed a random walk in both sub-sample periods. While the natural rate hy-
pothesis is consistent with the empirical facts of the ﬁrst sub-sample period,
we still need to determine whether this also the case for the second period.
In particular, it is still an open question whether the estimated cointegration
vectors given by (5.2) and (5.3) are consistent with the long-run relations
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resulting from the aggregate demand equation, (4.19), and the policy rule,
(4.21).
If the strong form of the aggregate demand equation holds, equations
(4.19) and (4.21) would imply the following two cointegration vectors (ne-
glecting constants):
R − ∆p = 0, (5.4)
u +




∆p = 0. (5.5)
Beginning with equation (5.4), this relation shows that in New Keynesian
model the Fisher relation holds. However, when we test whether the Fisher
relation is one of the cointegration vectors in (5.2) and (5.3), this is clearly
rejected by the data at the ﬁve percent signiﬁcance level. Regarding equation
(5.5), since monetary policy responded after 1979 strongly to an increase in
inﬂation, the parameter ˜ βP
∆p in the policy rule is likely to be greater than
one.25 Since ˜ βP
u is greater than zero, this means the New Keynesian model
predicts the term (1− ˜ βP
∆p)/˜ βP
u to be smaller than zero. However, in equation
(5.3) this coeﬃcient is positive. Hence, this version of the New Keynesian
model does not ﬁt the data.
As an alternative, we consider the weaker form of the aggregate demand
equation, which allows for a long-run relationship between the real interest
rate and the unemployment rate. In this case, the New Keynesian model









u + ˜ βP
u
∆p = 0 (5.6)
u +
1 − ˜ βP
∆p
˜ βD
u + ˜ βP
u
∆p = 0. (5.7)
With ˜ βP
∆p, ˜ βP
u and ˜ βD
u all larger than zero, the estimated cointegration
vector (5.3) is now consistent with (5.6). However, equation (5.7) still cannot
25Clarida et al. (1998) estimate the parameters in the policy rule of the Bundesbank
after 1979 and ﬁnd that the parameter ˜ βP
∆p is approximately 1.3 while ˜ βP
u is approximately
0.25. See Clarida et al. (1998), p. 1045.
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account for the positive coeﬃcient on the inﬂation variable in (5.3) if ˜ βP
∆p > 1.
It follows that even the weaker version of the New Keynesian model does not
provide an adequate description of the long-run relations in the German data.
In sum, the diﬃculties to reconcile the New Keynesian Phillips curve with
our estimated cointegration vectors stem from the fact that one of the es-
timated vectors contains a negative long-run relationship between inﬂation
and the unemployment rate. We have shown above that the New Keyne-
sian Phillips curve speciﬁcally rules out any long-run relationship between
these two variables. The other two equations in the model also do not give
rise to such a relation, because empirical estimates of the Taylor rule by
Clarida et al. (1998) suggest that ˜ βP
∆p typically takes a value of approxi-
mately 1.5. Inserting this into (5.7) shows that this model gives at best
rise to a weak positive long-run relationship between unemployment and in-
ﬂation, but not to the strong negative relationship that we observe in the
data.
Even if the New Keynesian model were consistent with the estimated
cointegration vectors, it would still be diﬃcult to explain with this model
why the unemployment rate increased over most of the second sub-sample
period, while simultaneously the inﬂation rate declined. For the ﬁrst sub-
sample period, we showed that the New Keynesian model could account for a
simultaneous increase in both variables, but in the second period, they have
been moving in opposite directions.
It is, of course, possible that the natural rate of unemployment has con-
tinued to drift upwards, while at the same time the Bundesbank may have
chosen to disinﬂate the economy, for reasons unrelated to the trend increase
in unemployment. For example, the Bundesbank might have chosen to re-
verse the increase in trend inﬂation it had brought about in the 1970s. This
view of events probably represents the main stream view, but it is neverthe-
less based on the somewhat unattractive assumption that the correlation in
the trend components we observe in the data is nothing but a coincidence. In
addition, this explanation would correspond to the case where the inﬂation
target in the policy rule is not constant but follows a stochastic trend. As
shown above, in this case we would not expect to ﬁnd a cointegration relation-
ship corresponding to the policy rule. That is, with two independent drifts
in the unemployment rate and the inﬂation rate, we would expect to ﬁnd
only one cointegration vector, which would represent the aggregate demand
relation. However, this interpretation of events in the 1980s is contradicted
by our ﬁnding of two cointegration vectors.
20Discussion Paper 521
6 A long-run Phillips curve J. Gottschalk and U. Fritsche
6 A long-run Phillips curve
In this section, we adopt a proposal by Beyer and Farmer (2002) and replace
the natural rate hypothesis (4.20) with the following long-run relation:
u − ¯ u − ˜ β
S
∆p∆p = 0. (6.1)
These two authors ﬁnd that the natural rate hypothesis does not hold
for U.S. data either, owing to a positive correlation between the trend com-
ponents of inﬂation and unemployment, and propose as an alternative the
aggregate supply equation given by (6.1) with a positively sloped long-run
Phillips curve (˜ βS
∆p > 0). Like our results for Germany, they ﬁnd evidence for
a structural break in 1979 in the policy equation. For the time period from
1980 until 1999, they ﬁnd two cointegration vectors, and conclude that one
of those vectors corresponds to the upward sloping long-run Phillips curve
(6.1) and the other to the policy equation. Hence, the non-stationarity in
this model is induced by a non-stationary disturbance term in the aggregate
demand equation.
In general, our results for Germany are similar to those of Beyer and Farmer
(2002), but in contrast to the United States, the correlation between the trend
components of unemployment and inﬂation is negative in Germany and not
positive. Hence, we modify (6.1) as follows,
u − ¯ u + ˜ β
S
∆p∆p = 0. (6.2)
In this model, the long-run Phillips curve has a negative slope, just like
the traditional Phillips curve.
Before we explore the theoretical reasoning behind such a relation, we
need to show that it is consistent with the data. Like Beyer and Farmer
(2002), we assume that the disturbance term in the aggregate demand equa-
tion is non-stationary.26 Combining the policy equation (4.21) with (5.7)












∆p = 0 (6.3)
u + ˜ β
S
∆p∆p = 0. (6.4)
26We also considered the case where the disturbance term in the policy equation is
non-stationary, but this turned out to be inconsistent with the data.
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In this case, the cointegration vector (5.3) can be interpreted as an esti-
mate of the long-run Phillips curve (6.4), yielding a slope parameter of -0.64.
Moreover, cointegration vector (5.2) implies ˜ βP
∆p + ˜ βP
u ˜ βS
∆p = 1.96 . Inserting
in this equation our estimate for ˜ βS
∆p, and assuming that ˜ βP
∆p is approximately
1.3, we obtain a value of approximately 0.7 for ˜ βP
u . This value is close to
the one typically found in the estimation of policy rules.27 Hence, this model
appears to be consistent with the data. Importantly, this ﬁnding implies that
the natural rate hypothesis has to be abandoned to obtain a version of the
New Keynesian model that is consistent with the long-run trends in German
data.
If the natural rate hypothesis does not hold, this raises the possibility that
demand conditions have a lasting eﬀect on the German unemployment rate.
In particular, our estimate of the long-run Phillips curve suggests that the
reduction in the inﬂation rate in the 1980s was accompanied by a permanent
increase in the unemployment rate. Average inﬂation decreased from approx-
imately 5 percent in the 1970s to approximately 3 percent in the 1980s and
to 2.5 percent in the 1990s. Assuming that this reduction in trend inﬂation is
the result of the Bundesbank’s determination to lower average inﬂation, our
estimate of the long-run Phillips curve implies that in the 1980s this would
have been accompanied by a permanent increase in the unemployment rate
of 2.3 percentage points, and a further increase of 0.6 percentage points in
the 1990s. This would explain about a quarter of the increase in average
unemployment from 3 percent in the 1970s to 8 percent in the 1980s and to
9 percent in the 1990s.
Conventional wisdom holds that the trend increase in unemployment has
structural causes. Since our ﬁnding that weak macroeconomic conditions
play a role for the trend increase in unemployment contradicts conventional
wisdom, we try to bolster our case with additional evidence. To this end, we
plot in Figure 10 the relationship between the vacancy and the unemployment
rate for West Germany, the so-called Beveridge curve. At any moment, the
Beveridge curve is a downward sloping curve since it is easier to ﬁll a vacancy
when there are more unemployed workers to choose from. The upper left
area can be described as a fast growing economy with many employment
opportunities whereas the lower right area reﬂects a recession state with few
employment opportunities and high unemployment. In a frictionless labor
27See e.g. Clarida et al. (1998).
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market, the Beveridge curve would coincide with the axes of the diagram.28
The more frictions there are in the labor market, the more the Beveridge
curve shifts outward. Since an increase in structural unemployment typically
means that the labor market has become less eﬃcient, one would expect that
an increase in the structural unemployment rate coincides with an outward
shift in the Beveridge curve.29 However, Figure 10 shows that the Beveridge
curve in Germany has been remarkable stable in the period from 1970 to
the early 1980s, which is exactly the period when the unemployment rate
increased from 1 percent to 9 percent.30
To summarize, our empirical ﬁndings suggest that the disinﬂation in the
ﬁrst half of the 1980s is likely to have contributed to the permanent increase
in the unemployment rate that occurred in this time period. However, the
further increases in trend-unemployment in the remainder of the 1980s and
1990s are probably unrelated to demand conditions, since the trend-inﬂation
rate changed little in this period. Instead, the strong outward shifts in the
Beveridge curve in this period suggest that other factors – structural factors
or the interaction of macroeconomic shocks and institutions – are responsible.
However, the question remains what theories are able to explain a stable
long-run Phillips in West Germany. There are several possible explanations
for that phenomenon:
1. One possible explanation of the long-run Phillips curve we observe in
the data draws on what Greenwald and Stiglitz (1995) call the ’sec-
ond strand of New Keynesian literature’. The key ingredients of these
models are risk averse ﬁrms, a credit allocation mechanism with risk
averse banks, the existence of asymmetric information and real wage
rigidity in the labor market. This model can give rise to very persistent
eﬀects of demand conditions on unemployment, with aggregate supply
ultimately becoming dependent on aggregate demand.
2. Akerlof et al. (2000) oﬀered an alternative explanation for our empir-
ical ﬁnding. Based on microeconometric evidence these authors ar-
gue that the long-run Phillips curve may be nonlinear. They build
28In a frictionless labor market, there would be no unemployed workers if vacancies
were available, and there would be no vacancies if unemployed workers were available to
ﬁll these positions.
29See also Bleakley and Fuhrer (1997) on the factors determining the Beveridge curve.
30See Solow (2000), who summarizes the evidence on the Beveridge curve in Germany
and France for a similar interpretation
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a macroeconomic model in which agents at low rates of inﬂation dis-
play near-rationality, meaning that in the wage setting process they
either ignore inﬂation entirely, or they fail to appreciate that inﬂation
increases the nominal demand for their services, and consequently de-
manding higher wages would not reduce their competitiveness. Hence,
they are prepared to accept lower wage increases than they otherwise
would. In this case, at low rates of inﬂation wages are set lower rel-
ative to nominal demand than predicted in models with fully rational
agents, and the economy can operate at a higher level of real activity.
This means that at low rates of inﬂation, the unemployment rate will
be below its natural rate deﬁned as the unemployment rate resulting
from an environment with fully rational agents. However, if inﬂation
approaches zero, the near-rational eﬀect disappears, and the unem-
ployment rate returns to the natural rate, which is also the case when
inﬂation increases.
3. Ball (1999) oﬀers another explanation for the link between disinﬂation
and higher unemployment. Like in asymmetric information models, in
his model aggregate demand conditions can have long-run eﬀects on
the unemployment rate. He argues that these eﬀects arise due to hys-
teresis eﬀects.31 The response of monetary policy to a recession and
the accompanying disinﬂation is decisive for the path of unemployment
following the recession. Ball shows empirically for the recessions in the
early 1980s that countries like the United States, which have been suc-
cessful in maintaining low unemployment, have eased monetary policy
in a recession and reﬂated the economy once the recession has ended,
bringing the unemployment rate back to its pre-recession levels. Other
countries like Germany, for example, have maintained a tight monetary
policy stance during the recession and refused to reﬂate the economy
after the recession in order to disinﬂate the economy even further. How-
ever, by keeping the unemployment rate high for a long period of time,
Ball argues that this made it possible for hysteresis eﬀects to take hold,
causing the natural rate of unemployment to increase. This eﬀect is
due to the long-term unemployed becoming increasingly unemployable
in the labor market, either because their human capital deteriorates,
or because employers view them suspiciously, or because they loose at-
31Hysteresis as an explanation for persistently high European unemployment has been
introduced by Blanchard and Summers (1986).
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tachment to the labor force. To illustrate Ball’s argument, in Figure
11, we plotted unemployment and inﬂation ﬁgures for the US and West
Germany and shaded periods of sustained falling inﬂation as ’disinﬂa-
tion’ periods.32 The periods of falling inﬂation clearly lasted longer in
Germany than in the US which holds until the mid-1990s. In sum, by
drawing out the disinﬂation over a long period of time, countries like
Germany had to pay a high price for a lower inﬂation rate by incurring
a permanently higher unemployment rate.33
7 A New Keynesian model with hysteresis
This paper has argued that monetary policy might have contributed to the
trend increase in German unemployment; the issue that remains to be re-
solved is whether monetary policy can also be used to permanently lower un-
employment in countries like Germany. It needs to be emphasized here that
the empirical evidence presented in this paper suggests that to the extent that
tight monetary conditions did lead to a lasting increase in unemployment,
this happened mostly in the 1980s. This result arises mainly because the task
of reducing the trend inﬂation rate to acceptable levels was essentially com-
pleted by the late-1980s. Thus, a negatively sloped long-run Phillips curve
cannot account for much of the increase in trend unemployment since then,
since the reduction in trend inﬂation in this period was marginal. Moreover,
given the currently low levels of inﬂation, the unemployment costs of disin-
ﬂation are unlikely to play a signiﬁcant role in the future either. Hence, the
issue is not so much how to engineer a disinﬂation without incurring high
costs in terms of permanent unemployment, because Germany went through
32A disinﬂation period was characterized by a negative change in inﬂation in the
’smoothed’ (7 quarters moving average) time series.
33Ball’s model implies that as time passes, tight monetary policy becomes less eﬀective
in reducing inﬂation, because the long-term unemployed become less of a threat to other
workers in the competition for jobs, and therefore exert less downward pressure on wages.
This suggests that a gradual approach to disinﬂation is not only costly, but also ineﬃcient.
Nordhaus (1999), p. 245, summarizes the lessons from Ball’s model for disinﬂation as fol-
lows: ’I would label his approach the Powell-Ball doctrine for economic stabilization: Use
massive and overwhelmingly recessionary force to overwhelm the inﬂationary enemy. Con-
duct a short and vicious war. ... Stun workers but do not maim them. They should return
to the negotiating table bloodied by the recent memory. Above all, avoid a European-style
war of attrition in which you keep long-term unemployment high for extended periods.’
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this phase already almost twenty years ago; rather, the issue is whether
monetary policy can contribute in some way to a permanent reduction in
unemployment once unemployment has shifted upwards.
An important implication of the preceding theoretical discussion is that
simply pursuing an expansionary policy to increase the trend rate of inﬂation
is unlikely to lead to a permanent reduction in unemployment, because in
two of the three models discussed here a low inﬂation rate in itself is not the
cause of high unemployment.34
In particular, in the asymmetric information models and the hysteresis
model a traditional Phillips curve relation would not arise in the data be-
cause there is an inherent trade-oﬀ between unemployment and inﬂation, but
because a poorly conducted monetary policy can have negative long-run real
eﬀects. That is, the long-run aggregate supply curve may be vertical, but its
location is endogenous to macroeconomic policy, and sustained tight demand
conditions may shift this curve inwards.35 In these models, to be successful
in reducing unemployment permanently, monetary policy has to reﬂate the
economy without triggering inﬂationary pressures, since otherwise higher in-
ﬂation would force the central bank eventually to change course and deﬂate
the economy again, thereby reversing previous employment gains again. If
the expansionary stance cannot be sustained for a long period of time, there
is no hope that ﬁrms will shift their supply curve outwards or that hysteresis
will work in reverse.
Regarding the hysteresis approach, Ball (1999) provides empirical and
theoretical evidence that monetary policy can be successful in raising em-
ployment permanently with only modest inﬂationary costs. From a theo-
retical standpoint of view, it is essential that inﬂation expectations have a
backward-looking component for this to happen.36
In this case, an expansionary policy does not lead to an immediate upward
revision of inﬂation expectations, and monetary policy may be able to reduce
unemployment over a sustained period of time without triggering strong in-
ﬂationary pressures. With hysteresis at work, the higher employment level
resulting from the monetary stimulus may become permanent. Since this
34In the model with the non-linear long-run Phillips curve, the problem is indeed that
the inﬂation rate may have become suboptimal low, and in this case, it may be useful to
revisit the choice of the optimal inﬂation target. However, this model faces the problem
to explain the coexistence of low inﬂation and low unemployment in the 1960s.
35See also Solow (1999), p. 11.
36For a formal exposition, see Buiter (1987).
26Discussion Paper 521
7 A New Keynesian model with hysteresis J. Gottschalk and U. Fritsche
increases the productive capacity of the economy, this tends to dampen the
inﬂationary pressures resulting from the expansionary policy and a perma-
nent increase in employment can be achieved at modest inﬂationary costs.
In the following, we are going to investigate the eﬀectiveness of monetary
policy in a model with hysteresis in more detail.
In this model, we extend the standard New Keynesian model introduced
above by including hysteresis eﬀects. This way, we hope to obtain a ﬁrst in-
sight whether adding one of the mechanisms explaining a non-vertical Phillips
curve could change the eﬀectiveness of monetary policy in New Keynesian
models markedly. As a base model we use the model (2.1) to (2.3). To
add more realistic dynamics we follow a suggestion by McCallum (2001) and
modify the IS and the price adjustment equations. To introduce more per-
sistence into the output equation, he proposes adopting a household utility
function in which current utility depends on the ratio Ct
Ch
t−1, where Ct denotes
per capita consumption. This speciﬁcation introduces habit persistence into
the behavior of optimizing agents via the parameter h. The larger h is, the
more agents will hesitate to change their consumption level from that of the
previous period. Regarding the price adjustment equation, he suggests to
replace equation (2.2) with
∆pt = (1 − φ)Et∆pt+1 + φ∆pt−1 + α(yt − ¯ yt) + v
2
t, (7.1)
which is the so-called Fuhrer-Moore speciﬁcation of the price adjustment
process. In contrast to equation (2.5), the Fuhrer-Moore speciﬁcation in-
cludes in addition to the forward-looking component also a backward-looking
component of the expectations formation process. As noted above, this is
an important element if monetary policy is to have long-run real eﬀects in a
model with hysteresis. Of course, this is not the reason why modern Phillips
curve models often include such a backward-looking component. They do so
because a purely forward-looking Phillips curve like (2.5) is found to yield
sticky prices while the inﬂation rate displays little persistence, which is con-
tradicted by the persistence of inﬂation observed in the data.37 This short-
coming can be remedied by including a backward-looking component in the
expectations formation process, like the Fuhrer-Moore speciﬁcation does. Fi-
nally, to add some realism to the policy rule, McCallum replaces the inﬂation
rate in (2.3) with expected inﬂation, Et−1∆pt. McCallum (2001) simulates
37For a discussion of the empirical shortcomings of the price adjustment equation (2.5),
see also Estrella and Fuhrer (1998) and Mankiw (2001).
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this model by assuming that the model’s parameters are b1 = −0.4, β = 0.99,
α = 0.03, µ1 = 0.5, µ2 = 0.5, and µ3 = 0.8. In addition, in the IS curve
with habit persistence he sets h = 0.8, and in the Fuhrer-Moore price adjust-
ment equation he sets φ = 0.5. The stochastic process for potential output
is speciﬁed as a near random walk process,
˜ yt = 0.95˜ yt−1 + ε
Pot
t (7.2)
Simulating this model yields the impulse-response functions shown in Fig-
ure 12 (solid lines).38 In the ﬁrst row the solid lines show the response of
the economy to a monetary policy shock.39 This shock increases the interest
rate on impact by one percentage point, and within the next ten quarters
it returns to its base line.40 The monetary policy shock leads to a negative
output response and a reduction in inﬂation, with both series displaying a
hump shaped response consistent with evidence from VAR models. The sec-
ond row displays the response to an IS shock. Without habit persistence,
this shock would increase output on impact by one percent, but due to the
habit persistence eﬀect output only increases by approximately 0.5 percent.
The eﬀects of this shock on output dissipate within one year. The short-
run Phillips curve is fairly ﬂat, so this shock has only a small impact on
inﬂation. The policy response is also fairly small, due to the small inﬂation
response and the interest rate smoothing in the policy rule. The third row
shows the response to a price shock. This shock leads to a strong increase
in inﬂation which lasts for about two years. In response, monetary policy
tightens substantially and maintains this stance for a long time. The tight
monetary policy stance leads to a deep and long recession.41 In the fourth
row the response to a negative technology shock is shown, which lowers po-
tential output on impact by one percent. Since potential output is stationary
in this model, the eﬀect of the technology shock dissipates eventually. With
actual output only slowly adjusting to the fall in potential output, the out-
put gap in the price adjustment equation is positive and inﬂation increases.
38We are grateful to Bennett T. McCallum for making his Matlab program available to
us.
39In Figure 12, dp denotes inﬂation and ybar potential output.
40Neither the interest rate nor the inﬂation rate are annualized in Figure 12.
41It should be noted here that due to the relative simple structure of the model used
here, the price shock in itself would not lead to a negative output response. In contrast,
with a constant nominal interest rate the increase in inﬂation would lead to a decline in
the real interest rate, thereby stimulating output.
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Consequently, monetary policy becomes tighter, too.
To introduce hysteresis into this model, we follow a suggestion by Mankiw
(2001) and re-specify the equation for potential output as follows:
˜ yt = 0.85˜ yt−1 + 0.1yt + ε
Pot
t (7.3)
We will use this speciﬁcation in place of the speciﬁcation of equation (7.2)
used in the simulation of the New Keynesian model without hysteresis. In
equation (7.3), we preserve the near-random walk speciﬁcation of potential
output common in New Keynesian models, but add a small hysteresis eﬀect
by including past actual output as a determinant of potential output. This
way, potential output tends to adjust towards the level of actual output. This
speciﬁcation represents a short cut to modeling hysteresis, since we omit the
microfoundations that would give rise to hysteresis eﬀects, but it captures
nevertheless the essential feature of these models to make the natural rate of
output dependent on the actual level of output. Moreover, this speciﬁcation
has the advantage that it preserves the linear structure of the New Keynesian
model. Finally, it should be noted that in equation (7.3) we keep the hystere-
sis parameter small in size in order to show that already a small modiﬁcation
of the standard New Keynesian model can have major implications for the
conduct of monetary policy.
In Figure 12, we plot the impulse response functions of the extended New
Keynesian model together with the results for the hysteretic speciﬁcation of
this model (dotted lines). Regarding the monetary policy shock, Figure 12
shows clearly that adding hysteresis does not change much the properties
of the New Keynesian model. From this follows that even if hysteresis is
present, an expansionary monetary policy in itself would not be eﬀective in
reducing unemployment permanently, because the boom created by a stim-
ulating monetary policy shock would not be persistent enough to allow large
hysteresis eﬀects to set in. Like monetary policy shocks, neither IS nor tech-
nology shocks would be eﬀective in permanently reducing unemployment,
since the output response in both cases is again not persistent enough for
hysteresis to have signiﬁcant eﬀects. It needs to be emphasized here that we
obtain these results even though the model used here includes already all the
elements typically used in New Keynesian models to enhance the persistence
of variables.
However, our simulation exercise shows that the results for the price shock
in the model with hysteresis diﬀer substantially from those found in the non-
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hysteretic model. In particular, in the case of the price shock the recession
induced by the sustained monetary policy tightening in response to the in-
crease in inﬂation is deep and long enough for signiﬁcant hysteresis eﬀects
to take hold. Figure 12 shows that after ﬁve years about one third of the
peak eﬀect of the monetary tightening on output is still present in the out-
put series. This result is consistent with Ball’s hypothesis that a disinﬂation
drawn out over a long period of time can have signiﬁcant adverse eﬀects on
real variables if hysteresis is present.
These results suggest that an opportunistic monetary policy, which stimu-
lates the economy in the presence of a negative price shock, could be eﬀective
in lowering the unemployment rate permanently. A negative price shock low-
ers the inﬂation rate for a relatively long time, which oﬀers monetary policy
the opportunity to pursue a sustained expansionary stance without triggering
inﬂationary pressures, thereby being able to engineer a boom long enough
for hysteresis to work in reverse. However, the response to a positive price
shock, which leads to an increase in inﬂation, would have to be asymmetric.
That is, monetary policy would have to respond either with a sharp but short
tightening of policy to reign in the inﬂationary pressures without causing a
long recession, or it would have to respond to a positive price shock in a much
weaker manner than to a negative shock, thereby avoiding a deep recession
in the ﬁrst place. As long as the commitment of the central bank to the
inﬂation target is credible, such a response would not lead to a permanently
higher inﬂation rate following the price shock. This asymmetric response is
essential for monetary policy to have a permanent eﬀect on output, because
if the distribution of price shocks is symmetric in the sense that over time
as many negative and positive shocks occur, a symmetric policy response
implies that the positive and negative long-run eﬀects of monetary policy
actions would cancel each other out.
However, even though these results point to some potential of monetary
policy to contribute to the objective of lowering unemployment in Germany, it
is worth noting that the New Keynesian model with hysteresis would not give
rise to the negative long-run relationship between inﬂation and unemploy-
ment which we observe in the data. The reason for this is that in this model
only price shocks lead to persistent eﬀects of monetary policy, and these
shocks push unemployment and inﬂation into the same direction, thereby
giving rise to a positive and not a negative long-run relationship between
these two variables. To obtain a negative long-run relationship – as we ob-
serve in the data –, the eﬀects of aggregate demand disturbances would have
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to be considerably more persistent than they are in the present model. Since
we have already included habit persistence in the IS curve to make the eﬀects
of IS and monetary policy shocks more persistent, additional mechanisms in-
ducing even more persistent would be needed. Including capital accumulation
into the model might lead to some additional persistence, but this is an area
for further research.
8 Conclusion
In sum, in this paper we showed that the New Keynesian model has diﬃcul-
ties accounting for the long-run correlations that we observe in the German
data. In particular, we ﬁnd that the natural rate hypothesis central to New
Keynesian models is inconsistent with the negative long-run correlation be-
tween inﬂation and unemployment that is clearly present in the 1980s and
1990s. There are, however, a number of approaches in modern macroeco-
nomics, which could give rise to such a correlation. Since in all these models
non-linearities play an important role, they deviate from the New Keynesian
model in a signiﬁcant way, since the latter is inherently linear. Interestingly,
the inclusion of non-linearities represents also a return to the past, since al-
ready the earliest Keynesian models included such asymmetries in the form
of downward but not upward rigid nominal wages. This suggests the possi-
bility that present day New Keynesian models may be missing an important
aspect of earlier Keynesian models that may be crucial for explaining the
German experience in the 1980s. Even though these asymmetries are diﬃ-
cult to model, it might be nevertheless worthwhile to pursue this avenue to
gain a better understanding of the limits and potential of monetary policy
in European economies that suﬀer from persistently high unemployment.
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Appendix
Table 1: VAR speciﬁcation statistics
Sample Equ. Lags Port. AR 1-5 Norm. Het.
1965:2-2004:4 i 2 108.2 [0.00] 33.9 [0.01]
u 0.1 [0.95] 11.7 [0.76]
∆p 1.7 [0.43] 7.6 [0.95]
system 146.8 [0.10] 62.6 [0.04] 83.7 [0.00] 258.5 [0.00]
1965:2-1979:3 i 2 6.92 [0.03] 10.7 [0.82]
u 1.0 [0.61] 6.4 [0.98]
∆p 24.76 [0.00] 5.1 [0.99]
system 109.2 [0.85] 59.0 [0.08] 31.9 [0.00] 203.9 [0.11]
1979:4-2004:4 i 2 31.9 [0.00] 18.3 [0.30]
u 2.0 [0.37] 14.1 [0.59]
∆p 0.9 [0.65] 8.1 [0.94]
system 147.4 [0.09] 73.4 [0.01] 36.5 [0.00] 195.2 [0.20]
Port.: Portmanteau test of order 16. AR 1-5: Breusch-Godfrey LM test of autocorrelation
at order 5. Norm.: Lomnicki-Jarque-Bera test. Het.: ARCH-LM test at order 16 (indi-
vidual equation) and order 5 (system). See L¨ utkepohl (2004), pp. 44 ﬀ. and pp. 127 ﬀ.
for details.
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Table 2: Results from ADF tests
Sample Variable Speciﬁcation ADF t-stat. Integration
1965:2 - 1979:3 i 1,c -2.9 I(1)
u 1,c,t -2.9 I(1)
∆p 0,c,t -4.0* borderline
1979:4 - 2004:4 i 1,c,t -2.7 I(1)
u 1,c,t -3.4 I(1)
∆p 4,c -2.2 I(1)
Asterisks denote: * = signiﬁcant at 5% level; ** = signiﬁcant at 1% level. A time trend (t)
is included in the regression if the time series appears to be trending over time, otherwise
only a constant (c) is allowed for. The lag length was choosen according to the minimum
of BIC.
Table 3: Cointegration test statistics: sample 1965Q2 – 1979Q3
H0 of rank test Trace test statistic P-value
r ≤ 0 34.4 0.059
r ≤ 1 10.1 0.634
r ≤ 2 2.4 0.697
Results of Johansen (1988) test. A constant is included in the cointegration relationship.
The test statistics have been computed using JMulTi 4.02.
Table 4: Cointegration test statistics: sample 1979Q4 – 2004Q4
H0 of rank test Trace test statistic P-value
r ≤ 0 45.7 0.002
r ≤ 1 20.3 0.048
r ≤ 2 5.7 0.223
Results of Johansen (1988) test. A constant is included in the cointegration relationship.
The test statistics have been computed using JMulTi 4.02.
Table 5: Restrictions on the cointegration vectors
i u ∆p
Vector 1 1 0 β1
Vector 2 0 1 β2
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Figure 1: Unemployment and inﬂation in West Germany
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Figure 2: Results of CUSUM test: full sample
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Figure 3: Results of CUSUM square test: full sample
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Figure 4: Results of sample-split Chow test: full sample
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Figure 5: Results of CUSUM test: 1979Q4 – 2004Q4
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Figure 6: Results of CUSUM square test: 1979Q4 – 2004Q4
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Figure 7: Results of sample-split Chow test: 1979Q4 – 2004Q4
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Figure 8: The time series and their trend components
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Figure 9: The real short-term interest rate in Germany
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Figure 10: The Beveridge curve for West Germany
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Figure 11: Disinﬂation and unemployment
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Figure 12: Impulse-response functions for the New Keynesian models
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